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INTRODUCT ION

1. The Rubber Laboratory was instructed by the Bureau'of Ships in references (a)

and (b) to develop a simulated service test for evaluating Viton B O-rings for

use in 3000 psi hydraulic systems containing either phosphate-ester or petroleum-

base fluid. The Laboratory was also instructed to prepare a specification covering

Viton B seals of all types i.ncended for service in 3000 psi hydraulic systems con-

* taining these fluids.

2. References (a) and (b) identified one of the fluids to be used in this investi-

gation by the generic term "phosphate ester". This implied that any one of several

commercial phosphate-ester fluids could be used in the tests. The Laboratory

selected Cellulube 220 for this purpose. Cellulube .20 is an aryl phosphate ester

manufactured by the Celanese Corpo.ation of America. Cellulube 220 is being used

by the Navy in some submarine hydraulic systems, and conforms to specification

MIL-H-19457, reference (().

3. It should be pointed out that Viton B, although compatible with petroleum-

I base fluids and Cellulube 220, is not compatible with all phosphate-ester fluids.

For example, accordivg to reference (d) a Viton B vulcanizate increased in volume

by 97% when immersed for 7 days at 300°F in Skydrol 500, another phosphate-ester

I fluid

4. ASTM No. 3 oil (ASTM Test Method D471-59T) was the petroleum-base fluid used

in these tests in accordance with reference (b).

I REVIEW OF EARLIER WORK ON THIS PROJECT

1 5. As directed in reference (b), the Laboratory developed tests to simulate

i service conditions of 0-rings in submarine hydraulic systems, and subjected
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Viton and nitrile rubber 0-rings to these tests. In Report 92-8, reference (a),

two tests are described. One test evaluated the O-rings for dynamic service.

1 This test utilized a piston with O-ring scale and Teflon backup rings at both

ends, which was moved up and down in a cylinder through a stroke of 1.5 inches,

100 times per minute. The test fluid at a pressure of 3300 psug was introduced

between the O-rings, and the leakage past the 0-rings was collected and measured.

The pressure was held for 9 minutes and released for 1 minute periodically.

6. The second test evaluated the O-rings for static service. The O-rings and

I Teflon backup rings were utilized as static radial seals, with the hydraulic

pressure applied between tiw seals. The pressure of the test fluid was cycled

I from 0 to 3000 psig and back to 0 psig, 10 times per hour, with a dwell Line of

3 minutes at each pressure. Leakage past the seals was measured by noting the

loss of fluid from the pump reservoir.

1.7. The tests simulating static service shoved that 70-Shore nitrile rubber

O-rings (141L-P-5516B, Class B) withstood AST1 No. 3 oil satisfactorily, and

that 90-Shore Viton B O-rings withstood Cellulube 220 satisfactorily. All of

these tests were performed at 300hF, which was much hotter than the maximum oil

temperature (ca. 160*F) in submarine hydraulic systems. Viton B O-rings were

not tested statically with ASTM No. 3 oil because this rubber is known to he

affected less by petroleum-base oils than by Cellulube 220.

8. The tests simulating dynamic service showed that the 70-Shore nitrile rubber

O-rings sealed ASTh No. 3 oil at 300"F as long as the Teflon backup rings with-

stood the treatment. The early failures of the Teflon backup rings at 300"F also

limited the serviceability of 70-Shore and 90-Shore Viton ? O-rings sealing

Cellulube 220. Even when the dynamic test was performed at 1806F, the Teflon

backup rings tended to wear excessively.
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9. The data on dynamic testing which appeared in Report 92-10, reference (f), con-

firmed what was found previously. New information was bbtained on the ability of

70-Shore Viton B O-rings to withstand ASTK No. 3 oil at 300"F. Here, again, the

life of the Teflon backup rings was the limiting factor.

10. Report 92-11, reference (g), described dynamic tests performed at 1600F,

11 which was a more realistic test temperature from the standpoint of actual service.

Here it was shown that the 70-Shore Viton B O-rings and 70-Shore nitrile rubber

L O-rings sealed Cellulube 220 for many kilocycles of piston reciprocation. The

- Teflon backup rings stood up well at this temperature. The nitrile rubber O-rings

were considerably swollen by the Cellulube 220 and badly abraded, but these

Scircumstances did not affect their ability to seal this fluid at 3000 psi pressure

under the conditions of this test.

11. Report 92-12, reference (h), described further dynamic testing at 160'F of

70-Shore Viton B O-rings with Teflon backup rings. The fluid sealed was Cellulube 220.

These O-rings and backup rings withstood as many as five million cycles of piston

reciprocation without excessive leakage. This report also presented the results of

proposed specification tests performed on commercial Viton B 0-rings (Compound A,

Appendix 4) and Viton B O-rings compounded by the Laboratory. These specification

tests did not include a simulated service test; this was in accordance with the

Bureau's suggestion in reference (i). Among the proposed specification tests was

a test for corrosion of metals by the O-rings similar to the test required by

specification MIL-P-5516B, reference (j). The ambient air in these tests has

high relative humidity. Both types of Viton B O-rings were found to corrode steel.

and bronze. This finding was a major setback to the progress of the work on this

project.

12. The important findings and accomplishments of the previous work on this project

j are summarized below.
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[i . a. Viton B O-rinpa vith Teflon backup rings were found to seal ASTH No. 3

oil and Cellulube 220 at 3000 psi pressure and 300"F in static service.

L b. Viton B 0-rings with Teflon backup rings were found to seal these fluids

at 3000 psi pressure and 160*P in dynamic service.

c. Specification tests for seals intended for service with either of these

1 fluids were proposed. These tests did not include a simulated service

test.

1 d. The Viton B O-rings were found to corrode steel and bronze after humidifi-

cation.I
EFFECT OF VARIATIONS IN CMPO•UNDING ONI OORWSION OF MITALS

13. The problem yet to be resolved was how to make Viton B O-rings which would not

corrode steel or bronze, The first effort to reach this objective consisted of

changes in the compounding of the Viton B stock.I
14. Viton B contains flourine and, in common with other carbon-hydrogen-halogen

polymers, it tends to liberate the halogen acid when heated during vulcanization.

This reaction is autocatalytic and can lead to complete decomposition of the

polymer if allowed to proceed unhindered. Viton B and the other halogen-contaLning

polymers are usually compounded with a stabilizer and/or acid acceptor to stop

this reaction by removing any halogen acid which has been liberated. The Laboratory-

compounded Viton B stock, 377-108, reconmended In Report 92-12 for the manufacture

of O-rings, contained magnesium oxide Oaglite D) for this purpose.

l 15. O-rings made from 377-108 corroded steel and bronze after the O-rings had been

j exposed to humid air for 3 dave (MTL-P-5516B test). It appeared that residual

acid may have been present in the vulcanizate. Accordingly, an extensive coam-

pounding survey was made wherein the effect of the following variables
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were studied in an effort to obtain a vulcanizate without residual acid. The

formulations of the stocks studied are given in Appendix 1.

a. Litharge, red lead, lead dioxide, and dibasic lead phosphite (Dyphos)

1 1 ware substituted individually for the magnesium oxide in 377-108. Lead

compounds are commonly used stabilizers for halogen-containing polymers.

b. Red lead, lead dioxide and calcium oxide were added individually in

I- addition to magn.•iium oxide.

c. Calcium carbonate (Purecal U), which reacts with acids, was substituted

for carbon black ('Aiermax) as the reinforcing fillpt.

d. Fine silica (Silstone 1lO) was substituted for carbon black, since the

-- black may have been adsorbing the halogen acid from the polymer and

liberating it when exposed to the humid atmosphere.

e. Peroxide curing agents (DiCup 40C, Varox, were tried in lieu of the

-I diajine curing agent (Diak No. 3) since it was thought that the latter

might be catalyzing the decomposition of the polymer.

-. 16. In addition to the compounding changes intended to stabilize the Viton B and

to remove any liberated acid, stocks containing metal passivators were prepared.

The passivators were sodium chromate, zinc chromate and lead chromate. It was

hoped that the presence of these passivators in the rubber would proLect the

metal 'from corrosion.

17. The formulations, curing times and physical properties of the experimental

vulcanizates are given in Appendix 1. All but one of the stocks containing

peroxides did not cure.

18. 0-rings conforming to the dimensions of A;6230-7 were prepared from each

I stock which would cure. ':he tendency of these O-rings to corrode metals was -

determined according to the procedure given below. '!his procedure is essentially

the same as that given in specification MIL-P-55163.
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The 0-rings were washed with Standard 200, an aliphatic sovent of moderate

volatility, and placed in a chamber at 100% relative humidity for 72 hours

at 74°F. The 0-rings were then dipped in Cellulube 220 and clamped between

polished metal test plates having a surface roughness of not more than 15

microinches. The metal plates were washed with Standard 200 immediately

before use. The clawping force was 20 pounds. The assembly was maintained

ii at 100% relative humidity and 74'F for 4 days. The plates conformed to the

j following specifications:

Aluminum alloy Spec. QQ-A-318 Temper 1M32
Brass Spec. MIL-B-994 Composition A1ronze Spec. QQ-P-330 Composition A
Steel Spec. MIL-S-6758 Condition CZ

1 19. The results of the corrosion tests are given in Appendix 1, together with

p hysical properties of the stocks tested. When the test plates were separated from

the Orings at the end of Lhe 4-day period, it was found that every vulcanisate

tested rusted the steel plates and discolored the bronze plates. Photographs

showing typical examples of the corrosion of steel and bronze were included in

I 3Rport 9Z-12. The aluminum and brass plates were unaffected. Apparently none of

the variations in compounding which were tried had any effect on the formation

or presence of corrosive material in the Viton vulcanizates.

I Z0. Early in the investigation one test showed that 0-rings of stocks 377-133 and

1 377-135, containing red lead and lead peroxide, respectively, as well as magnesium

oxide, did not attack steel or bronze, and this infirmation was so reported to the

i Bureau in reference (k). owever, when confirmatory tests were run, 0-rings of

both stocks rusted steel and discolored bronze as badly as the rest of the stocks

studied.
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INFECT OF IXACHING WITH RER ON CORROII8O 0 MITA• I

21. In an attempt to remove the corrosive material from Viton I vulcanizates, 0-rings

of several stocks listed in Appendix 1 and representing the major compounding

Ivariations, were leached in boiling distilled water for periods ranging from 6 to

40 hours. The 0-rings were then conditioned at 74°F and 100% relative humidity for

72 hours, dipped in Cellulude 220, and clamped between polished test plates for

j" days at 74'F and 100% relative humidity as before. When the plates were examined

at the end of the test, it was found that all of the 0-rings rusted steel and

1. stained bronze. If anything, a longer period of leaching increased the amount of

corrosion. It was concluded that leaching was of no benefit whatever.I..
EFFECT OF WASHING W171' SOAP A'ID WATER ON' CORROSION OF METALS

22. 0-rings of seven different stocks were prepared conforming to AY76230-7. The

formulations and curing information for each stock are given in Appendix 2. One

set of O-rings of each stock wab washed with soap and water, humidified at 100%

relative humitity for 72 hours, dipped in Cellulube .2O, and clamped for 4 days

between polished metal plates conforming to the requirements listed in paragraph 18.

A second set of 0-rings was treated in the same way except that the 0-rings were

washed after humidification and just before being dipped in Cellulube 220 and clamped

between the test plates. After 4 days at 100'•, relative humidity, the surfaces of the

plates contacted by the 0-rings were examined for corrosion.

23. The results of the tests are given in Appendix Z. When the 0-rings were

washed prior to humidification, all 0-rings rusted steel and stained bronze. When 4

.. washing was done after humidification, none of the 0-rings affected steel or bronze.

SAluminum and brass plates were not affected by either lot of 0-rings. As was noted

previously in Appendix 1, 0-rings of these same stocks all corroded bronze and steel

when the O-rings were washed only in Standard 200 prior to humidification.
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24. The reiults of these tests gave definite evidence that mom corrosive material

11ded to the surface of the* O-rings under conditions of 100% retative humidity,

and that corrosion could be eliminated by removing this material with soap and

j I water.

I 25. In view of the beneficial effect of washing O-rings on the prevention of this

corrosion of metal , it was decided to study various washing procedures in order

to select the best and most pratical one. The various procedures employed are

listed in Appendix 3. In order to determine conclusively whether or not the

1.presence of lead oxide in a stock is required to prevent metal corrosion, two

stocks were tested. One contained red lead in addition to magnesium oxide and

one contained only magnesium oxide. The formulations of the stocks are given in

Appendix 3 together with the results of the corrosion tests.

Ti 26. From these data it was determined that there was no advantage to adding red

lead to Viton stocks. Two washing procedures for O-rings eliminated corrosion:

(1) washing with soap and water plus washing with Standard 200 before humidifying,

and (2) washing with soap and water after humidification. This latter procedure

is recomuended since it eliminates use of an inflammable solvent. In practice this

procedure would consist of washing Viton O-rings with soap and water just before

installation in the equipment in which they are to be used.

27. Stock 377-154 was selected for further investigation because of its excellent

properties (Appendix 1) and because it did not corrode the metal test plates when

washed as recommended in the preceding paragraph. This stock differs from stock

377-108 previously reconemnded only in not containing di-isooctyl sebacate as a

processing aid. It is the Laboratory's experience that di-isooctyl sobacate is not

necessary to obtain satisfactory processing of 70-Shore Viton B stocks. If a

j manufacturer desires to add di-isooctyl sebacate to the stock to facilitate
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processing on large-size equipment, no significant change in physical properties

would result as can be seen by comparing the physical properties of stocks 377-108

and 377-154 in Appendix 1. It might, however, become necessary to make special

j L oversize molds, since volatilization of the di-isooctyl sebacate during the oven

cure would cause greater shrinkage.I
PROPOSID SPECIFICATION REQUIRIKENTS FOR VITT0 B 83AL8

.1 28. The purpose of specification tests is to insure that items procured under the

specification are suitable for intended use. Usually the test limits are set on the

basis of test results on materials which have been shown to be satisfactory inl0
service or in simulated service tests. The selection of the tests depends on the

application and is designed to measure those properties essential to satisfactory

functioning of the material.

29. !'he properties important in hydraulic seals are adequate strength to resist

tearing and gouging, sufficient hardness to prevent extrusion, and low permanent

set so that the O-ring or other seal will fit into its groove after being stretched

during installation. The seal must resist swelling by hydraulic fluids, and must

not suffer an excessive loss of the above mentioned properties due to fluid

immersion. The seal must retain adequate properties after air aging and must not

exhibit so much compression set as to prevent proper sealing. The seal must not

I corrode metals with which it comes in contact.

1 30. Specimens of stock 377-154 (paragraph 27) and Compound A, a commercial O-ring

composition identified in Appendix 4, were tested for the properties listed in the

preceding paragraph. The recipe and curing procedure for stock 377-154 are given

in Appendix 3.
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31. The properties determined and the methods used are listed below. All tests

were performed on AN6230-7 0-rings except as noted.

"Initial Properties

Tensile strength ASTM Test Method D1414-56T. Six1ltimate elongation specimens were tested.
Tensile stress (100% elongation)

SHardness Method 30Z of reference (1) Readings
were taken 15 sec. after application
of indentor. Specimen was 1/4 inch thick
slab. Four measurements were made.

Permanent set 0-rings were stretched over a cone to
507. elongation, held 10 min., released
10 min., and set was measured as %o in-
crease in circumference. Three 0-rings

I were tested.

Sfecific gravity Method 14011 of reference (1).

IAfter aging 70 hours at 21.°F in air Method 7221 of reference (1).

Tensile strength Same as initial measurement.
Ultimate elongation Same as initial measurement.
Tensile stress (100% elongation) Same as initial measurement.
Hardness Same as initial measurement.
Compression set Method 3311 of reference (1).

Specimens were two 1/4-inch thick x
1.129 inch diameter discs plied to
1/2 inch thickness. Three specimens
were tested. Recovery period was 30
min. at 212*F plus 30 min at 74*F.

After aging 70 hours at 212oF in Cellulube 220
Tensile strength Method 6111 of reference (1) and

Ultimate elongation ASTM T'est Method D1414-56T, six
Tensile stress (100%. elongation) specimens were tested.
Swell Method 6211 of reference (1). Tensile

strength and tensile stress were based on
swollen cross-sectional diameter measured
just prior to testing using four specimens.

Hardness Same as initial measurement.

After aging 70 hours at 212*F in ASTM Oil :No. 3

Same properties were measured and same methods were used as with Cellulube
1 220 above.

I|1



After 96 hours at 740F in 100% relative humidity

Corrosion and adhesion Paragraph 4.5.6 of Spec NIL-P-55163,
reference (J) using metals as follows:

Steel Spec MM-S-6758
Conditiolt C2SBrass Spec MrL-B-9949
Composition A

Bronze Spec QQ-P-330
Composition A

Aluminum Spec QQ-A-318,
Temper H32

The fluids used were Cellulube 220 oil
No. 3. The 0-rings were washed in soap
and water after humidification and prior
to being wet with the test fluid and
clamped between the test plates.

32. In addition to the above tests and as verification of the value of the washing

procedure used, O-rings of stock 377-154 were subjected to the corrosion test above

.. except that the time the O-rings were clamped between the test plates was increased

from 96 hours (4 days) to 30 days.

33. The results of the tests and the proposed specification requirements are

given in Appendix 5. The data show that the O-rings made from stock 377-154 and

Compound A had similar properties. The 0-rings of both stocks were judged suitable

for use as static or dynamic seals for petroleum-base fluid or Cellulube 220. It

is noteworthy that 0-rings of stock 377-154 which had been washed with soap and

water after humidification did not corrode or even stain metals after 30-days con-

tact.

CONCLUSIONS

34. The results of the foregoing tests lead to the following conclusions:

a. Stock 377-154 and Compound A are suitable for use in seals for 3000 psi

I- hydraulic systems containing either Cellulube 220 or petroleum-base

fluids.

1.i



b. Viton seals should be washed with soap and water just prior to being

installed in the equipment in which they are to be used. This treatment

will prevent corrosion of the surfaces contacted by the seals.

PROPOSED SPECIFICATION

35. A proposed specification for procurement of seals and gaskets to be used in

1 3000 psi hydraulic systems containing either petroleum-base or phosphate-ester

fluids is given in Appendix 6. This specification was requested by reference (a).

PERSONNEL

1 Bureau of Ships Project Engineer W. S. Bourn

Tests performed by R, D. Ford, Technologist

Supervised by A. E. Barrett, Supervisory Technologist

Report prepared by R.. D. Ford, Technologist
R. E. Morris, Head, Rubber Laboratory

Approved by Re fU4_

i RV E. Morris, Head, Rubber Laboratory
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APPENDICES

1. Table. Stocks investigated for corrosion and results of tests.

2. Table. Effect of washing O-rings with soap and water on their tendency to

j12 corrode metaLs.

3. Table. Effect of various procedures for washing O-rings on their tendency to

corode metals.

4. Identification of Compound A

5. Table. Physical properties of stock 377-154 and Compound A and proposed

specification requirements

6. Proposed specification for seals and gaskets to be used in 3000 psi hydraulic

systems containing either petroleum-base or phosphate-ester fluids
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EFM7 Of VAMtIUS PIMCKWU NS VMW O-iDIW
CM mu T 1 'To• ains AITJ

iWa 377-5 377-154
Viton B 100 100
Thermax 20 20
lagite D 15 15Red lead 7.5.

Stearic Acid 0.5 0.5
Diak No. 3 3 3

Cure: 30 min. at 300"F in press plus 1 hr. at ZOO, 250, 300 and 350*F in
oven plus 24 hr.. at 400OF in oven.

I. Corrosion of metals by 0-rings (1)

0-rings not washed at any time Rusted steel, Rusted steel,
discolored bronze discolored bronze

0-rings washed with soap and N~one 1 of 4 steel plates
water before humidifying rusted slightly

I O-rings washed with soap and None ,lone
water after humidifying

O-rings washed with Standard 2O0 Slight rust on steel, Slight rust on steel,
solvent before humidifying bronze discolored bronze discolored

O-rings washed with Standard 200 Slight rust on steel, Slight rust on steel,
solvent after humidifying bronze discolored bronze discolored

O-rings washed with soap and water, None None
then with Standard 200 solvent before
humidifying

I (1) All O-rings were AN6230-7 and were humidified 72 hr.. at 100% relative
humidity. The 0-rings were dipped 'in Cellulube 220 and clamped between
polished metal plates for 96 hrs. at 100% relative humidity.

l
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MtIXAL 1U13138 oF 8TrOF 377-154 AND =000 A
AND PAMPOE W3IM CAIZOt6 3(WIDDIT

(Sheet 1 of 2)

PROPOSED
COMPOUND A STOCK 377-154 SPICIJICATZON

TEST (1)O S) (VITON B) RIUUM!If

Initial yrooertios
Tensile strength, psi e 2190 2050 Min. 1600
Ultimate elongation, % 210 240 Min. 150
Tensile stress at 100% elongaeionypsi 860 570
Shore A hardness (15 second), units 74 70 70 ± 5

L Specific gravity 1.91 1.92
Permanent set, 7. 1 3 Max. 5

L 70 hrs. at 12Fin &ir
Tensile strength, psi 2170 2120
Tensile strength, retention, 7. 91 103 Min. 85
Ultimate elongation, %. 200 240
U tltimate elongation, retention, % 95 100 Min. 85
Tensile stress at 100% elongation, psi 940 580
Tensile stress, retention, 7. 109 102
Shore A hardness (15 second), units (2) 69 71 70 :t 5
Change in Shore A h/qness, units -5 +1
Compression set, % 12 19 Max. 25

"After 70 hr.. at 212*F in Cellulube 220
Tensile strength, psi 1810 1970
Tensile strength, retention, % 83 96 Min. 80
Ultimate elongation, 7. 200 280
Ultimate elongation, retention, 7. 95 117 Min. 80
Tensile stress at 100% elongation, psi 730 500
Tensile stress, retention, % 85 88
Volume change, % +5 +5 Max. +8, Min. 0
Shore A hardness (15 second), units (2) 66 66 65 t j
Change in Shore A hardness, units -8 -4

(1) All properties measured on AN6230-7 0-rings except as noted.
(2) Measured on 1/4-inch thick molded sheet.
(3) Measured on two 1/4-inch thick x 1.129-inch diameter disks plied to

form a 1/2-inch thick specimen.

[
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PHYSICAL P3OPIRTINS Of STOCK 377-154 AND COMOPIOD A
AND PRWO83D SICIFICATION RMQUIUINTS

(Sheet 2 of 2)

PROPOSED
C04POUND A STOCK 377-154 SPECIFICATION

'lUSTS "1 (ION B) (VITOP B) UEQUIRMTM.

After 70ghra•, at 212 in A Oil No. T il,3STensile strength, psi Z040 Zl00

Tensile strength, retention, % 93 98 Min. 85
Ultimate elongation, % 2ZO 250

* Ultimate elongation, retention, % 95 96 Min. 85
Tensile stress at 100% elongation, psi 780 560
Tensile stress, retention, % 91 98
Volume change, % +2 +2 Max. +5; Min. 0
Shore A hardness (15 second), units (2) 69 68 70±5
Change in Shore A hardness, units -5 ..

Corrosion and adhesion after 96 hours at 100%
relative humidity, specimen wet with Cellu-
lube 220 (5)

Steel None None( 4 ) None (5)
SBronze None None None

Brass None None NoneAluminum None None None

Corrosion and adhesion after 96 hours at 1007
relative humidity, specimen wet with ASTM Oil
No. 3

Steel None None None (5)
Bronze None None None
Brass None None None
Aluminum None None None

(1) All properties measured on AN6230-7 0-rings except as noted,
(2) Measured on 1/4-inch thick molded sheet.
(4) When Stock 377-154 0-rings were clamped for 30 days no corrosion, staining or

adhesion occurred on any of the metals.
(5) Discoloration or staining shall not be considered detrimental if the metal surface

is not roughened..

!I-
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RPOSED SPECIFICATION FOR

SEALS AND GASKETS TO BE USED IN 3000 PSI HYDRAULIC SYSTEMS
CONTAINING EITHER PETROLEUM-BASS OR PHOSPHATE-ESTER FLUIDS

1. SCOPE

1. 1.1 This speoification coves packLngs and gaskets intended for use in
3000 psi hydraulic systems containing either a petroleum-base fluid or a phosphate-1ester fluid osoewaLng to Military Specification MIL-H-19457.

2. APPLICABLE DOCUMENTS

1 2.1 The folloving documents, of the issue in effect on date of invitation
for bids, form a part of this specification.

I SPECIFICATIONS

1 . FEDERAL

QQ-A-318 Aluminum Alloy, Plate and Sheet
QQ-P-330 Phosphor Bronze Bars, Plates, Rods, Sheets, Strips,j Flat Wire, and Structural and Special Shaped Sections

MILITARY

MIL-B-994 Brass, Naval, Rods, Wire, Shapes, Forgings, and Flat
Products (Flat Wire, Strip Sheet, Bar and Plate)

MIL-S-6758 Steel, Chrome.Molybdenum (4130) Bars and Reforging Stock
(Aircraft Quality)

MIL-H-19457 Hydraulic Fluid, Fire Resistant

j STANDARDS

FEDERAL

1 FED-STDi601 Rubber: Saspling and Testing

MILITARY

MS28772 Packing, D-Ring, Shock Strut

AIR FORCE-NAVY AERONAUTICAL

AN6225 Packing% V-Ring Hydraulic
AN6226 Packings U-Cup Hydraulic
AN6227 Packing: O-Ring Hydraulic
AN6230 Gaskett O-Ring Hydraulic
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$A6.1&&e b Ih tems covered by this specification shall be made from
eompoomis QUF f entested as specified hwerein and which are compatible with
Ibdium No, 3 of Method 6001, FED-STD-601, and with fluids oonforming to NIL0-I-16457.

3.2.1 -N The shape and dimensions of 1)-ring packings
shall am touiiUMI, Wringil packing. to M162251, U-cup packings to AN6226,,
0-sing peokidus to AN6227 sand 0-ring gaskets to AN6230o

8.2.2 TWOi . Mold flash shall be remvoed from the pankiugs and gaskets in
such a masmos he osform to the requirements specified herein &dm on the
applicable standards. Apy method used to trim the mold flash on 0-rings shall not

reov teorgia sldfnih fthe ring over an ar bee hn /6ic

saim daett hefash.ve ntr

surfce f O-ingpackings and gasket&- shall be considered bealing surface.

3.22*2Thenon-sealing surface of U-cup and V-ring packings shall be free
frmIrregularities greater than ±0.010 inch, and shall contain no cuts, laps,

cracks, seams or ohrdefects. The irregularities present shall not cause the
packings to exceed the stack height tolerances.

3.3 Propepties of rubber.

3.3.1 Inta r'jris When tested as specified in 4.2.1, the rubber
shall hae" tne ~folowingj prorties:

Tensile strength, minimu., psi 1600
Ultimate elongation, minlimum, psi 150
Hardmess, Shore A durometer 70+.5
Permanent set, maximum, % 5

3.3.2 Oven !d * When subjected to the oven aging test specified in 4.2.2,
the rubber sb&ifhave the following properties a

Tensile strength* minimum retention, % 85
Ultimate elongation, minimu. retention, % 85
Hardness Shore A duromater 700±55
Compression set,, maxima., % 25

3.3,3 Aging in MIL-H-19457 Fluid. After Immersion in fluid conforming to
MIL-H-1R4579 as specified in '1.2,.3 te rubber shall have the following properties:

Tensile strength, minima. retention, % so
V3.timste elongation,, minimum retention,, % 90
Haridneess, Shore A durometer 55!5
Change In volume, maxima., % +8jChange in Volume, minimum, % 0
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8,$.4 A& In No$, 3$ After. imwrsicn in NeiOlU No. 3, as
specified 447440tWk3 Ise" bay the following p ertLe si

Tensies strength, minaL retention, e 85
Ultivute e•lngentLe, •nimm rtentiong, 85
Narmeseq Shore A duroeter 70!5
* w rein voume, miimn, +,
Chimp in vola, minim, a 0

a.3.5. •s Vhen subjected to the corrosion test
6meered 4%asog, w 0-ings hau newt earrode the specified metals suafficiently
t:o zqmom the Nftl surface. Staining or discolorstion of the mtal Is permissible
If the surface Is not roughened. The 0-rings shall not adhere to the mstal surfaces.

'4. QUALITY ASSURANCE PROVISIONS

'4.1 boo ncs tests Tests shall be conducted at a laboratory satisfactory
to the an or snips. Tests shall ensure the physical properties listed in 3.3

. bausing the test procedures described in 4.2.

"4.1.1 Sampling instructions. The acceptance test samples shall consist of
the folowiusgi

43 M16230-7 0-rings.
6 Compression set specimens 1/4-inch thick by 1.129 inches

In diamete r.
6 Hardness specimens 1/4-inch thick by 2 inches in diameter.

4.1.1.1 0-iLngs compression set specimens, and hardness specimens shall

have the m ecompounding and cure as the accompanying gaskets or packings.

4.2 Test procedures.

4.2.1 Initial properties

4.2.1.1 Tonalle strength. The tensile strength shall be determined by
Method 41.11 o# rEDI-TI- -except that specimens shall consist of six M16230-7
0-rings. The mean value shall be reported.

'4.2.12 Ultimate elOgation. The ultimate elongation shall be determined
by Method 4121 or MD-STD-501 on the sam specimens used In o.2,1.1. The mean
vakke shall be reported.

4.2.1.3 Hardness.,. Hardness shall be measured with a Shore A durometer on molded
specimens 1/4-2nthIck by 2 inches In diameter, in accordance with Method 3021 of
FED-STD-601 except that the hardness redding shall be taken 15 seconds after the
indentor of the durouster is pressed against the specimen.

4,2o.14 Permanent set. Permanent set shall be measured on three AN6230-7
0-rings at ro"I (75OF150F). The ID of the 0-rings shall be measured
The 0-rings shall t ýbhe stretched over a cone until the ID of the 0-ring has been
stretched 50% (1.5 times Its original value). After 10 minutes tIe O•utn•g shall
be removed an4 allowed to rest for 10 minutes, and the new ID mseesued. Permoant
set shall be calculated as the percentage Increase in ID. The me value shall be
Imported.
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2. ater S Ln In air.

ut .2,2.1 V -Ants elon to. Tensile strength and "
Dtimete &U ng f CISII on SxI M -7 0-rings by Method 7221

of FED-ST•401 eomopt the a8ag period shall be 70 hours at 212t2°.7. The mean
value shall be calculated and used in computing the perent retention of these
propertioe after aging.

14.2.2.2 !. Hardness shall be measured as in 4.2.1.3 an specimens
which have beei Fj or 70 hourn at 212o2oy. The speciumas shall be allowedj to rover at room temperature (75T05) for not less than 16 nor awe than
'95 hours before measuring the hardness.

1,2.2.$ 903 Compress ion set shall be measured according to
Method 3311 oFE S 5IeIoept that three specimens shall be tested, each
consisting of two molded disks 1/1-inch thick by 1.129 inches in diameter plied
together. The aging period shall be 70 hours at 2120t2or. At the end of the
aging period, the specimons shall be removed from the compression apparatus
and allowed to recover for 30 minutes in an oven at 2120*27F. The specimens ahall
then be removed from the oven and allowed to recover for an additional 30 minutesat room temperature (750150F). The final thickness shall then be measured.

4.2.3 oerties after agisn in MIL-H-19157 fluid or in FED-STD-60I

S . 2.3,1 Temile str•m•th and ultimate elongation. Tensile strength end
ultimate elongation 1a01 be manured on all M5230-7 0- rings by Method 6111 of
FED-STD-601. Tensile strength shall be based on the swollen cross-sectional
diameter measured imediately before testing. The ismeosLon period shall be
70 hours at 212±0220. The mean values shall be calculated for use in computing
the persent retention of these properties after the aging.

1.2.3.2. Hardness. Hardness shall be measured as in 4.2.1.3 on specimens
which have beeno M"W=d in the test fluid for 70 hours at 212°±24F9 then removed
and cooled in a container of the same fluid at room temperature (750*25F) for
30.* minutes. The specimens shall be removed, dipped momentarily In acetone,
blotted dry, and the hardness measured.

1.2.3.3 ban in volume. Change in volume after liquid inmesuion shall be
measured on three Ml -7 r by Method 6211 of FED-STD-601. The immersion
period shall be 70 hours at 212 '2oF.

4.2.4 Corrosion and adhesion. Eight AN6230-7 0-rings shall be proepad for
corrosion testing by conditioning them in a chamber maintained at 92% minimum
relative humidity and at 750 t 50F for 72 hours minimum. The O-ltags shall than
be washed with ordinary hand soap and water, rinsed in clear water, and wiped dry.

4.2.4.1 Plates of the metals listed below shall be polished to a surface
.. roughness not to exceed 15 microinches rm finish. The plates shall be washed

with solvent naphtha and wiped dry. The metals shall be as followss

Aluminum alloy; Specification QQ-A-3180 Temper H32
Brass; Specifioation MIL-B-9941 Composition A
Bronze; Specification QQ-P-330, Compoeition A

SSteel; Speification MIL-S-6758 ~Condition C2
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4.2.4.2 Within 15 minutes after washing four of the O-rinug, they and five
msetal plates shall be dipped in fluid conforming to MXL-•W19457 and drained to
the drip point. The O-rings and plates shall then be so laid toeetber in a staek
that at least two O-rings contact each specified metal. The other four 0-rings
and five of the metal plates shall be dipped in Medium No. 3 fluid and so laid
together in a stack that at least two 0-rings contact each specified metal. The

I stacks shall be held together with a force of 20 to 30 pounds, and left in the
humidity chamber maintained at 92% minimuu relative humidity and at 75toOSF for
98 hours minimum.

1 14.2.4.3 When the stacks are disassembled, the tendency of the 0-wings to
adhere to the metal surfaces shall be noted.

4.2.4.4. The surfaces of the plates which were in contact with the 0-rings1. shall be wiped free of immersion fluid and washed with methyl ethyl ketone.
Any pits, eroded marks or deposits remaining after this process, which are
visible through a microscope of approximately lOX magnification, shall be construed
to be corrosion. Discoloration or staining shall not be considered detrimental.

-.
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Mare Island Naval Shipyard, Rubber Laboratory, Report 9?-13 of

29 June 1962
SUITABILITY OF VITON B O-RINGS FOR USE IN )000 PSI HYRIAULIC SYSTXMS
CONTAINING PUTROLEZU BASE FLUID OR CILLULUBE 2?0, FINAL REPORT by
R. D. Ford and R. 1. Morris.

It was found that the tendleicy of humidified Viton B O-rings

to corrode metals cannot be elimiiated by compoiunding the Viton B
stock differently, but can be eliminated by merely washing the

hunidified O-rings with soap arid uater. A proposed specification

is given for Viton B seals of all t'-pes to be used in 3000 psi
hydraulio r,,sternt containing either petroleum-base fluid or
phosphate-ester flui'J. The rosults of the speoifisation tests per-

formed on la: oratory-eoospounded O-r,.ngs and on oommeroial O-rings
are described.

I -
j Mare I land Naval Sl:ip ard, R.bber La. oratory, Report 9,-13 of

.9 J Ue j1%

SUITABILITY OF VITON B 0-RINGS FOR USE IN -1000 PSI HYDRAULIC SYSTIRS

CONTAINING PETROLI-JM 4Afl FLUID OR CZLLULUBI "0, FINAL REPORT by
R. D. Ford and R. 1. Norrii.

It was found tiat t,,e tendency of h imidified Viton B O-rings
to corrode metals ca.,not re elimiiatel ' . compo idlngp the Viten B
stock differently, [ut can be eliminated uj ,uerely washing the
humidified 0-rings with soap and water. A proposed rpeoifioation

is given for Viton B seals of all types to -,e u:,ed in 3000 p!,i
hydraulic systems containing either petrole m- ase fl id or

phosphate-enter fl did. The results of the speoification tests per-
formed on la: oratory-compoinded 0-rings and on commercial O-ring*

are described.

Mare I-land Naval Shipard, kxHier La.oratory, Report 92-13 of
21) Jine lVlt
SUITABILITY OF VITON B O-RINOS FOR USE IN 5000 PSI HYMULIC SYSTDES

CONTAINING PETROLEUM BASE FLUID OR CELLULUBE P.10, FINAL REPORT by

R. D. Ford and R. 1. Morrin,.

It was fo a-,i that tnie tendency o: 'i-midIf id Viiton B O-ringl.
to corrode netals cannot ue elininated !;y compounding the Viton H
stock differently, but can be eiminaled by r-erely washing the
hrnidifiad 0-rings ui h soap and water. A proposed specification

1.-, gLen for Viton D seal:, of all typos to be used in 3000 psi
hydraulic zystems cntaining either petroleum-baze fluid or

phosphate-ester flaid. The reý,ults of Lie specification tests

performed on laboratory-compounded O-rings and on commercial 0-rings

are described.


